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ARTICLES 
Evaluation of Agastache 
and Other Lamiaceae Species 
for Reaction to Vel-ticillium dahliae 
Roger  G. Fuentes-Granados 
Mark P. Widrlechner 
ABSTRACT. The reaction of 14 populations of Agastache main- 
tained at the North Central Regional Plant Introduction Station to Verti- 
cillium wilt was evaluated. The plants were inoculated by root dip 
with 3 strains of Verticillirim daldiae: peppermint, potato, and Agas- 
rache. Infected plants were obtained only from inoculation with the 
Agasrache strain of Vertici//iitn~. Agos/ache ricgosa had a higher rate 
of infection (10-21%) than Agastache foetlicullon and Agnsrache ne- 
peroides, both with infeclion rates s 5 percent. A pathogenicity test 
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of the Agastache strain of Verticillium conducted on various species 
of the mint family resulted in clear symptoms of disease, such as leaf 
curling, plant wilting, and death in individuals of Pycnanthemum 
pilosum and Salvia azurea. Internal infection with Verticillium was 
also detected in 1 species of Calamintha (14%) and 3 species of 
Ocimum (38-54%). Results of this study revealed interspecific vari- 
ability for susceptibility to Verticilliwn among species of Agasrache. 
The possible specificity of the Agastache strain of Verticillium is also 
supported by our results. [Article copies available from The Haworth 
Document Delivery Service: 1-800-342-9678.] 
KEYWORDS. Disease evaluation, essential oils, nectar plants. 
INTRODUCTION 
Species of Agastache Clayton ex Gronov., such as Agasfache foenicu- 
lum (Pursh) Kuntze, Agastache nepetoides (L.) Kuntze, and Agastache 
rugosa (Fish. & Meyer) Kuntze, have been reported to produce potentially 
useful essential oils (4). A study conducted by Charles et al. (4) noted that 
methylchavicol, a common flavoring agent, was present in all 19 lines of 
Agastache tested and was the major oil constituent in most accessions of 
Agastache foeniculum and Agastache rugosa. Agmrache foeniculum is cul- 
tivated in F i a n d  for aromatic foliage that is added to tea mixtures, cakes, 
ices, and sweets, and which is used in home kitchens (9). Several reports 
(9,10,11,21) indicate that horticulturists inmany countries are interested in 
cultivating Agasrache as a potential source of aromatic oils and for direct 
use as a culinary herb. 
Agastache also is a potentially valuable source of nectar for honey bees 
(1). The decline of suitable bee pasture for midwestem beekeepers, as well 
as a need at the North Central Regional Plant Introduction Station 
(NCRPIS) to establish special plantings to provide honey bees with nectar 
throughout the growing season, led W~drlechner (22) to establish field 
plots of perennial mints to evaluate as nectar sources. Results of these 
evaluations indicated that Agastache foeniculum was one of the best spe- 
cies for bee forage in the trial. Mayer et al. (12) described a limited-scale 
honey bee operation in Washington State in which Agastache foeniculum 
Served as the nectar source, and through an economic analysis of the 
operation, concluded Agastache foeniculum could be grown profitably as 
a nectar source for honey bees. 
The cultivation of Agastache could be limited by plant susceptibility to 
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Verticillium wilt (3), a fungal disease caused by at least 3 species of Verricil- 
lium. This organism has a worldwide distribution in both temperate and 
tropical regions (17). McKeen (13) has stated that, from a wide range of 
horticultural crops affected with Verticillium wilt, Verficillium dahliae 
Kleb. was isolated with the highest frequency, 84.3 percent, followed by 
Verticillium albo-atrum Reinke & Berth. and Verticillium nigrescens Pe- 
thyb., which were isolated at much lower frequencies. In a first report of 
Verticillium wilt in Agastache rugosa, Block et al. (3) concluded that the 
causal agent was Verricillium dahliae. Symptoms included wilting, inter- 
veinal yellowing of the lower leaves, and internal vascular browning of the 
stem (3). 
Most of the work reported on Verticillium wilt in the Lamiaceae has 
been conducted in Mentha because of the importance of this plant to the 
domestic aromatic oil industry. Verticillium wilt has caused the abandon- 
ment of thousands of the most productive acres in the major mint-growing 
areas of Michigan and Indiana since a first outbreak in 1924 (16). Resis- 
tant varieties of peppermint with commercially acceptable essential oils 
were successfully obtained only after the exposure of stolons of the sus- 
ceptible variety, cv. Black Mitcharn, to irradiation (15). Reports of Verti- 
cillium wilt on Lamiaceae genera other than Mentha include those for 
Agastache (3), Hedeoma (20), Lanii~rrn (7), Monarda (18), and Salvia (2,7). 
Reports suggesting intraspecific or interspecific variability for the re- 
sponse of these plants to Verticillium could not be located. 
Because of the potential for Verticillium wilt to limit production of 
Agastache and because little is known about genetic variability for resis- 
tance to VerticiNiunz among Lamiaceae, an experiment was designed to 
evaluate the reactions of 14 accessions of Agastache to 3 strains of Verti- 
cillium dahliae. Another experiment, designed to investigate the host 
range of the Agastache strain of Verticillium, was conducted with 9 other 
Lamiaceae species maintained at the NCRPIS. 
MATERIALS AND METHODS 
Pathogen. Potato and peppermint strains of Verticillium dahliae were 
obtained<accessions 18697-&d 11405, respectively) from the American 
7Srpe Culture Collection (ATCC), Rockville, Maryland An isolate of Ver- 
ticillium dahliae from Agastache rugosa (3) was obtained from Charles 
Block at the NCRPIS. Fungal cultures were rehydrated in sterile water and 
plated on a potato dextrose agar amended with 5 percent yeast extract 
(ATCC, personal communication). Cultures were incubated in the dark at 
20 to 25'C for 14 days. Conidial suspensions were prepared by rinsing 
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conidia off the plates with sterile water. Inoculum density was standard- 
ized at 105 conidiatml using a hemocytometer. The pathogenicity of the 
peppermint and potato strains of Ver~icilliirm was confirmed by inoculat- 
ing plants (8) of Menrha piperita L. (cv. Black Mitcham) and Solanurn 
ruberosum L.(cv. Russet Burbank), respectively, plants reported to be sus- 
ceptible to Verticilliurn dahliae (14,16). In compliance with restrictions 
imposed by State and Federal laws, the fungus was handled under con- 
trolled greenhouse conditions to avoid escape of the organism to natural 
environments. 
Plants. A number of Agastache accessions of different origin were 
included in the experiment (Table 1). Plants were grown from seeds har- 
vested from plants growing in a field where Verticillium dahliae was 
present (3). To eliminate surface-borne fungal contamination, seeds were 
immersed for 45 sec in an aqueous solution of 63 percent ethanol, 0.525 
percent sodium hypochlorite, and 0.1 percent tergitol NPX (Sigma Chemi- 
cal Co., St. Louis, MO) (5). Seeds were incubated on moist blotters in 
germination boxes and pre-chilled at 4°C for a week to improve germina- 
tion. Immediately after chilling, the germination boxes were placed into a 
germination chamber with daily temperature and light regimens of 8 h at 
20°C in the dark and 16 h at 30°C with fluorescent lighting. After 1 week, 
seedlings were transplanted into plastic cones containing autoclaved grow- 
ing medium and placed on a mist bench in the greenhouse. The growing 
TABLE 1. Origin of Agastache species used in evaluation. 
- - -  
Spedes Accession Origin 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache nepetoides 
Agastache rugosa 
Agastache rugosa 
Cultivated: Putaway, Poland 
C ~ l i ~ a t e d :  Morden, Manitoba 
Culitvated: Washtenaw Co.. MI 
Cultivated: Story CO., IA 
Wild: Barnes Co., ND 
Wild: Cass Co., MN 
Wild: Hennepin Co., MN 
Wild: Morden. Manitoba 
Wild: Las Animas Co.. CO 
Wild: S p ~ c a  Woods Park, Manitoba 
Wild: Whiteshell Park, Manitoba 
Wild: Iowa 
Cultivated: Quebec 
Cultivated: Putaway, Poland 
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medium was a (1:2:2) mixture of soil, peat, and perlite. The host range of 
the Agmtache strain of Verticilliurn was tested on other species of Lamia- 
ceae (Table 2) using the same procedures as described for the accessions 
of Agastache. 
Inoculation methods. The lower part of the root system of individual 
plants was removed from each of the 21 plants comprising an experimen- 
tal unit. The upper part of the root system remainiig attached to the plants 
was subsequently placed in contact with 210 ml of conidial suspension 
contained in a polystyrene box (15 cm X 30 cm X 7 cm). After 5 min the 
plants were removed and returned to the plastic cones which had been 
partially refilled with autoclaved growing medium. 
Experimental design. The 14 Agastache accessions, inoculated with 
each of 3 strains of Verticilliurn dahliae and a sterile water control, were 
screened for reaction to Verticilliurn using 2 replicates arranged in a com- 
plete, randomized block (with 21 plants comprising an experimental unit). 
The host range of infection of the Agastache strain of Verticillium within 9 
species of Lamiaceae was evaluated in a complete, randomized block de- 
sign using 2 replicates of 21 plants each per species. A sterile water control 
was also included in the experiment. 
Plants were observed for symptoms of disease or abnormal growth 
approximately every 4 days. Fungal infection was evaluated 8 weeks after 
inoculation in the Agastache screening and 5 weeks after inoculation in the 
testing of host range by using 3 pieces of stem from each plant. The stem 
pieces were plated on sorbose medium, a selective medium for Verticilliurn 
TABLE 2. Species of Lamiaceae used to determine the host range of the 
Agastache strain of Vertidllium. 
Species Accession Origin 
Calamintha dinopodium Benth. 
Mentha piperita L. 
Monarda fistulosa L. 
Ocimum 
basilicum L. 
gratissimum L. 
kilimandscharicum Guercke 
Origanum vulgare L. 
Pycnanthemum pilosum Nun 
Salvia azurea Lam. 
Unknown: Yugoslavia 
Cultivar: 'Black Mitcharn'l 
Wild: Polk Co. 10 
Culbated: Van, Turkey 
Cultivated: Beltsville, MD 
Cultivated: Belbville, MD 
Unknown: Yugoslavia 
Cultivated: lngham Co., MI 
Cultivar: 'Nekan' M ~ o n  Co.. KS 
'Cudngs obtained horn !he National Clonal Germplasm Repository. Corvallis. Oregon 
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(6). and 2 weeks later, Ule number of plants from which fungal growth was 
observed was recorded for each treatment. Statistical analysis of the data 
was conducted with ANOVA and LSD procedures of the SAS software 
release 6.06 (SAS Institute Inc., SAS Campus Drive, Cary, NC 27513). 
RESULTS AND DISCUSSION 
Disease development and expression in Agastache progressed slowly, 
even as late as 8 weeks after inoculation. At that time, recovery of the 
fungus from stem pieces was successful only from certain populations of 
Agastache inoculated with the Agastache strain of Verricillium dahliae 
(Table 3).  The potato and peppermint smains of Verficilliwn were not iso- 
lated from stems in any treatments. 
Although our inoculations did not produce full expression of disease 
symptoms, apparent specificity of the strains of Verricillium dahliae was 
noted. The fungus was successfully recovered from Agaaache only from 
plants inoculated with the Agastache strain. This limited recovery was not 
TABLE 3. Verticillium infections in upper stems of Agastache accessions. 
- - 
Agastache 
accession Species Infected plants1 
Agastache rugosa 
Agastache rugosa 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache foeniculum 
Agastache nepetoidss 
'As observed 8 weeks after inoculation via a matdip in an Agasrache strain of VertidIIiumdahliae; 
controls were Solanurn fobemsum 'Russet Burbank' (0% infection with Agasladre sbain. 100% 
infection wim potato strain), Menha piperifa 'Black Mitcham' (0% infection wilh Agasladre slain. 
100% infection with peppermint strain). 
2Mms followed by lhe same lener are not significantly dilferenl by LSD. LSD = 7.6%: a s 0.05. 
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due to the loss of pathogenicity, as the other 2 strains demonstrated patho- 
genicity on peppermint (cv. Black Mitcharn) and potato (cv. Russet Bur- 
bank) plants, respectively, shortly after these strains were used to inoculate 
Agastache (8). In addition, the strain of Verticillium isolated from Agas- 
tache was unable to infect either peppermint or potato. 
Clear symptoms of disease, such as leaf curling, plant wilting, and 
death, developed in individuals of Pycnanthemum pilosum and Salvia azu- 
rea whereas other species of Lamiaceae were infected with the Agastache 
strain of Verticillium (Table 4), but no visual symptoms were detected. 
Wldrlechner (22) previously reported vascular wilt of unknown etiology 
occurring in plots of Salvia azurea. Possibly, the Agastache strain of 
Verticillium is similar in pathogenicity to the Salvia strains of Verticillium 
reported by Baker and Lake  (2) in California and by Evans and Gleeson 
(7) in Australia. Verticillium was successfully isolated from upper stem 
pieces of all species inoculated in the test except for Mentha piperita, 
Monardafistulosa, and Origanum vulgare. Results from this experiment 
reinforce the hypothesis that the Agastache strain of Verticilliumhas a host 
range which differs from that of the peppermint strain of Verlicillium. 
~i~niflcant  differences among the k&stache populations tested for reac- 
tion to the A~astache strain were observed (8). Accessions A-8411 and 
A-10207, bok  Agastache rugosa, had the highest degrees of Verticillium 
TABLE 4. Verticillium infections in the upper stem of various Larniaceae 
species. 
Species 
Dead Infected 
plants' plants1 
Salvia azurea 
Ocimum gratissimum 
Ocimum /dlimndschananwm 
Ocimum basiliwm 
Calamintha clinopodium 
Pycnanthemum pilosum 
Mentha piperita 
Monarda fislulosa 
Onganum vulgara 
'As observed 5 weeks after inoarlation via a mot-dip in an Ag8~tach~Snain of Veriki7Bum 
2Means followed by h e  same lener are not significantly different by LSD. LSD - 25.4%; a s 0.05. 
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infection (percentage of plants infected) with significant differences noted 
between Agastache rugosa and 5 accessions of Agastache foeniculum and 
the 1 accession of Agastache nepetoides. No si&cant difference in infec- 
tion between Agastache foeniculum and Agastache nepetoides was ob- 
served. In addition, no sigmfkant differences in susceptibility to Verticil- 
lium among accessions of Agastache foeniculum were noted. These latter 
results undoubtedly occurred because, at most, only 1 of the 21 plants in 
an experimental unit was infected. 
Based on our results and on 3 reports of the susceptibility of Agastache 
rugosa to Verticillium (1,3,22), soils infested with Verticillium should be 
avoided when cultivating Agas~ache rugosa. Observations of the reaction 
of Agastache foeniculwn and Agastache nepetoides to Verticillium wilt 
suggest that these species may be better choices for establishing plantings 
of Agastache for honey bee forage, aromatic41 production, and other 
herbal or medicinal uses. Any conclusions regarding the ultimate range of 
susceptibility in Agastache nepetoides and Agastache rugosa, however, 
can only be drawn after a more comprehensive screening. Populations of 
Agastache foeniculum and Agastache nepetoides may be valuable sources 
of resistance to Verticillium for the improvement of Agastache rugosa if 
hybrid sterility barriers impeding gene flow among these species (19) can 
be overcome. 
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